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(4) Status of Amendm , nts . No amendments were submitted after 
any final Examiner's Action in this application. 

(5) Summary of Invention . The invention relates to measuring a 
dimension of an article by illuminating a portion of the article with a beam of light 
that has a non-planar wavefront, receiving the light on an array, and analyzing 
signals relating to the intensity of the received light using Fresnel diffraction 
theory. The invention takes advantage of diffraction patterns from light that has a 
non-planar (or fan-shaped) wavefront. By contrast, the prior art Ring patent 
relied upon in the Examiner's Actions in this matter, taught that parallel light, light 
with a planar wavefront, is to be used for diffraction pattern analysis. The 
present invention thus reflects the discovery that diffraction pattern analysis can 
and should be done using light that is not parallel, to provide low cost, smaller 
and compact devices for measuring objects. 

According to all claims at issue (all are process claims), information from 
the light sensing array is evaluated (1) according to Fresnel diffraction theory; (2) 
according to the assumption that the wavefront from the light source is 
nonplanar, and (3) by distancing the source, article and array such that the 
intensity pattern in the vicinity of one shadow edge cast by the article is at most 
negligably superimposed on the intensity pattern in the vicinity of the other or 
another shadow edge. Diffraction pattern analysis of non-planar wavefront light 
according to the present invention allows a point source of light to be used 
instead of arrays that generate and sense parallel light, so that processes 
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according to the invention can be carried out in devices which are affordable and 
can fit in the palm of the hand, yet serve as an accurate and reliable instrument 
for uses such as measuring objects. 

(6) Sole Issue . The sole issue is whether the rejection of all pending 
claims as obvious under 35 U.S.C. § 103 is improper, when the references 
applied by the Examiner nowhere teach or suggest the substantive, meaningful 
and patentably distinct requirements and limitations that are found in the pending 
claims. 

(7) Grouping of Claims . A copy of the two primary references applied 
by the Examiner are attached as Exhibits A and B. The claims can be considered 
to form four groups. All claims contain the limitations that information from the 
array is evaluated (1) according to Fresnel diffraction theory; (2) according to the 
assumption that the wavefront from the light source Is nonplanar; and (3) by 
distancing the source, article and array such that the intensity pattern in the 
vicinity of one shadow edge cast by the article is at most negilgably 
superimposed on the intensity pattern in the vicinity of the other or another 
shadow edge. Additionally, each group contains additional limitations including 
the following: 

Group L Claims 25 - 42 (Independent 25 and dependent claims 26 - 
42) fomi a first group of claims. Independent claim 25 requires that distances 
between the source, article and array are selected such that the intensity pattern 
in the vicinity of one shadow edge cast by the article on the array is at most 
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negligibly superimposed on the intensity pattern in the vicinity of the other 
shadow edge cast by the article on the array. 

Group 11. Claims 43 - 48 (Independent 43 and dependents 44 - 48) 
form a second group of claims. Claim 43 adds the limitation that determination of 
the dimension of the article includes compensating for the difference between (i) 
the dimension of the article that casts the intensity pattern; and (ii) the diameter 
of the article. 

Group IIL Claims 49 - 62 (Independent 49 and dependents 50 - 62) 
form a third group of claims. Claim 29 adds the requirement of at least two 
sources and two sensors. 

Group IV. Claims 63 - 80 (Independent 63 and dependents 64 - 80) 
form a fourth group of claims. Claim 63 adds the limitation that the signals from 
the sensors corresponding to light intensity are filtered in order to attenuate 
effects of dirt. 

(8) Argument . 

a. Summary of Argument. 

The claims at issue (which are all process claims and which include four 
independent claims, 25, 43, 49 and 63) all address and define measuring a 
dimension of an article by illuminating a portion of the article with a beam of light 
in a way that, unlike the cited references, takes advantage of diffraction patterns 
from light assumed to have a non-planar (or fan-shaped) wavefront. According to 
all newly pending claims, signals corresponding to the diffraction patterns are 
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evaluated according to Fresnel diffraction theory, and according to the 
assumption that the wavefront from the light source is nonplanar, to determine 
the dimension. As discussed below and in the application at the places cited 
below, Appellants' resulting measuring processes can carried out in smaller, less 
expensive and less mechanically complex devices which reflect the invention's 
appreciation that the light does not have to be made parallel for diffraction 
analysis to occur, as the prior art Ring patent teaches. Instead, the light can 
eminate from a point source, even though that source creates a non-planar 
wavefront requires Fresnel diffraction analysis. 

Furthermore, each of the four independent claims adds additional 
limitations to the invention. Independent claim 25 adds that distances between 
the source, article and array are selected such that the intensity pattern in the 
vicinity of one shadow edge cast by the article on the array is at most negligibly 
superimposed on the intensity pattern in the vicinity of the other shadow edge 
cast by the article on the array. Claim 43 adds that limitation and, among others, 
that determination of the dimension of the article includes compensating for the 
difference between (i) the dimension of the article that casts the intensity pattern; 
and (ii) the diameter of the article. Claim 49 requires at least two sources and two 
sensors. Claim 63 adds the limitation that signals from the sensors 
corresponding to light intensity in the intensity pattern in order to attenuate 
effects of dirt. (Cites to portions of the application which disclose these limitations 
are listed in Section 8C of this Document.) 
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As discussed below, the French reference (Exhibit A) (identified and 
discussed more fully in the next section) discloses measuring the distance 
between shadow edges cast by an article using the geometrical approach that 
treats light as a ray phenomenon, rather than analyzing diffraction patterns as in 
the present invention. 

The other primary reference applied against the claims, the Ring patent, 
specifically and expressly considers the French reference's geometrical 
approach, considers it different, and rejects the geometrical approach. (Exhibit 
B) (identified and discussed more fully in the next section) Ring characterizes 
the French reference geometrical or ray approach as requiring a highly accurate, 
and thus not readily available, light sensor and that it relies too heavily on 
accurate spacing of the workpiece from the sensor. (Ring, column 1 , lines 15 - 
46) Ring solves this problem by teaching that the light must be made parallel, 
with a planar wavefront, in order to do the more accurate diffraction analysis. 
(Ring, column 3, lines 14-17; Figures 1, 6) Ring's departure from the 
geometrical or ray approach is reflected in a large and complex structure with 
multiple sensors and lenses to create and analyze diffraction patterns from 
parallel light (See, e.g.. Ring Figure 6) Size and complexity may not matter, 
since the Ring system is shown to measure workpiece dimensions in connection 
with a lathe-type device. Ring only discloses evaluation of diffraction patterns 
formed by parallel light, or light having a planar wavefront, a simpler 
mathematical case than in Appellants' invention. Whether that is because Ring 
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was filed circa 1985 before processing power of the sort required by Appellants' 
invention was readily available, or because the Ring measurement device is 
disclosed as being used on a lathe-like device to measure apparently sizeable 
dimensions of a workpiece, what is clear is Ring does not teach or suggest the 
compact, reliable, accurate device made possible by Appellants' invention. It 
certainly does not do that in combination with the French rejection, whose non 
planar light approach it rejects and eschews. 

In short, the Ring patent teaches in response to the French patent's 
geometrical approach for analyzing nonplanar wavefront light that the light must 
be made parallel for diffraction analysis to occur. It thus teaches away from the 
present invention, which recognizes that diffraction analysis can and should be 
done using non planar wavefront light. In any event, there is nothing in either 
Ring or the French reference that would teach, suggest or incentivize 
combination of them. Appellants accordingly below respectfully submit that there 
is not a prima facie obviousness case as required here, and they respectfully 
request such a position be reconsidered and withdrawn. 

b. The References. 

The two primary obviousness references that formed the basis for 
previous obviousness rejections were: (1) U.S. Patent No. 4,854,707 issued 
August 8, 1989 to Ring et al entitled "Method and Apparatus for the Optical 
Electronic Measurement of a Workpiece" ("Ring patent"); and French publication 
No. 2,371,673 published June 16, 1978 corresponding to French patent 
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application no. 76 35004 filed November 19, 1976 in the name of "Societe 
Industrielle De Liaisons Electriques - Silec (the "French reference"). 
1. French Reference 

The French reference, as the most recent, May 15, 2003 Examiner's 
Action correctly recognizes, discloses measurement of the diameter of an article 
by placing it in a fan-shaped beam of light and determining where the edges of 
the resulting shadow are located relative to certain CCD or other detectors. (May 
15, 2003 Examiner's Action, page 2, line 14 - page 3, line 11.) Though that 
Action characterizes the light source in the French reference as creating an 
intensity pattern, it nowhere points to any disclosure in the French reference 
which recognizes the existence or use of this aspect of the French reference light 
pattern or that any sort of analysis should be used other than a geometrical 
approach, jd. All the Examiner's Action expressly concedes is that the French 
reference does not teach use of the Fresnel sort of diffraction analysis. (May 1 5, 
2003 Examiner's Action, page 3, lines 16-18.) 

But, says the Action, it would be conventional (and thus unpatentable) to 
use diffraction pattern analysis in the French patent device, citing the Ring patent 
for that proposition. (May 15, 2003 Examiner's Action, page 3, line 18 - page 4, 
line 8.) The Action completely ignores and fails to mention that the Ring patent 
teaches that parallel light, rather than non planar wavefront light, is to be used for 
such diffraction pattern analysis, jd. This important omission occurs despite 
Appellants having made this showing repeatedly, in considerable length and 
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detail, and at significant expense during tfie prosecution of this patent 
application. (April 23, 2003 Response, page 3; July 11, 2002 Response, pages 
4, 8 (see boldface language); 10 13; December 4, 2001 Preliminary 
Amendment, pages 1 9, 20 - 21 , 22 - 26.) Beginning with the December 4, 2001 
preliminary amendment, the appellants go to great length to show why the Ring 
parallel light diffraction pattern analysis is different from and departs in another 
direction from the present invention's use of Fresnel diffraction pattern analysis to 
measure an object illuminated with non-planar wavefront light, jd. 

Thus, the primary issue in this matter could be characterized this way: 
Even though Ring teaches diffraction pattern analysis of parallel light, does that 
simply automatically sweep in the invention's significant recognition that 
diffraction analysis should be used for non-planar wavefront light, or that Fresnel 
diffraction analysis should be used for that purpose? Appellants think not. 
2. The Ring Patent 

As the May 15, 2003 Examiner's Action recognizes, the Ring patent 
discloses use of diffraction pattern analysis to measure an object. (May 1 5, 2003 
Examiner's Action, page 3, lines 18 - 20.) However, despite appellants having 
repeatedly raised the issue, as mentioned above, the Action fails to address the 
fact that no drawing and no text of Ring discloses other than using a source of 
parallel light to create the diffraction pattern. At Ring, column 3, lines 15-17, by 
contrast, it is made clear that the radiation is directed parallel. Figures 1 and 6 of 
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Ring make that point distinctly. Figure 1 shows only parallel light rays. There is 
no drawing or text showing a non-parallel light case. 

Ring figure 6 is consonant with the first sentence of the patent which says 
that the optical electronic method it discloses is for measuring a "work piece." 
Figure 6 shows a device resembling a lathe, and the light source 3, combined 
with lens system 7, is a sizeable structure occupying a considerable part of one 
side of a "sled 22." The sled, which carries the light sources 3 and the lens 
system 7, is discussed at column 4 lines 26-44. The sled rides on guide rails 21 
so that light sensors, light sources and lens can be positioned as desired relative 
to the work piece. Id. 

The Ring apparatus goes to considerable stmctural effort to illuminate the 
work piece with parallel light. Ring embraces structural complexity, with multiple 
lenses and sensors, to create the parallel light diffraction pattems in its quest to 
escape the geometrical or ray approach as taught in the French reference. For 
instance. Ring discusses the need to address aberration effects in the lenses 
(Ring, column 3, lines 18-21). In any event. Ring fails to disclose or suggest use 
of any other than a complex structure with multiple lenses and sensors for 
creating and analyzing a source of parallel light diffraction patterns. 

c. Appellants' Invention. 

Processes of the present invention do not categorically reject the 
geometrical or ray based approach of the French reference by resorting to 
parallel light to do diffraction pattern analysis as Ring does. Accordingly, 
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processes of the present invention are not forced to a embrace a large and 
structurally complex system that requires a number of lenses and sensors like 
Ring does. Instead, processes of the present invention recognize that diffraction 
pattern analysis can and should be done using non-parallel light (such as from a 
point source) to measure objects. Application page 3, lines 4-5; page 10, lines 
11-16; page 10, lines 27-28; Figures 1, 4, 5, 6, 7, 9, 11, 12. Processes of the 
invention analyze the diffraction pattern using Fresnel diffraction theory, a theory 
that takes into account the non-planar wave front from the point source. 
Application page 3, line 18 - page 4, line 15. Nothing in Ring teaches or 
suggests this use in processes such as appellants claim, and nothing in any of 
the Examiner's Actions cites any portion of Ring or any other reference which 
teaches or suggests it. 

Because a parallel light source is not required, the light source can be a 
point source such as a laser diode. Application page 10, lines 11-12. Lenses are 
not required and if used they can be less complex than in systems which seek to 
produce parallel light rays. Application page 5, line 21-page 6, line 2. As the 
attached declaration of inventor Dr. Blohm, filed on December 4, 2001 , before - 
the February 2, 2002 Action (Exhibit C hereto) shows, the use of Fresnel theory 
to analyze intensity patterns from light assumed to have a non planar wavefront 
now makes it possible to provide a measuring device that can fit in the palm of 
the hand. That declaration attaches a copy of a sales brochure for the "Inline 
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2000" Laser 2010XY/Laser 2025XY gauge heads marketed by Appellants' 
company, Sikora Industrieelektronik GmbH. 

Furthermore, each of the four Independent claims presented above adds 
additional limitations to the invention claimed therein. Independent claim 25 adds 
that distances between the source, article and array are selected such that the 
intensity pattern in the vicinity of one shadow edge cast by the article on the 
array is at most negligibly superimposed on the Intensity pattem in the vicinity of 
the other shadow edge cast by the article on the array. (Application p. 5, lines 16 
-19) Claim 43 adds that limitation and, among others, that detemilnation of the 
dimension of the article includes compensating for the difference between (1) the 
dimension of the article that casts the intensity pattern; and (11) the diameter of 
the article. (Application p. 4, line 22 - p. 5, line 2) Claim 49 requires at least two 
sources and two sensors. (Application fig. 4; p. 12, line 19 - p. 13, line 7) Claim 
63 adds the limitation that signals from the sensors corresponding to light 
intensity in the Intensity pattem in order to attenuate effects of dirt. (Application, 
p. 6, line 20 - p. 7, line 7; p. 12, lines 1-10). Quite clearly, none of the 
Inventions claimed in independent claims 25, 43, 49 or 63, with these limitations, 
are disclosed or suggested In the references cited in this application. 

d. Obviousness Not Established. 

(1) No prima facie case of obviousness established. Not 
only do the French reference (geometrical measurement) and the Ring patent 
(parallel light diffraction analysis) disclose divergent techniques and devices for 
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measuring dimensions of articles. Not only does the Ring patent expressly 
distinguish itself from the French reference geometrical types of geometrical 
measurement techniques. It is also the case that nothing in either of them shows 
any suggestion of the notion that diffraction patterns should be created and 
analyzed using processes that only require small and structurally simple systems 
which assume the light to be a non-planar wave front light phenomenon to 
measure dimensions of an article. As discussed above, Ring discloses an 
elaborate structure intended to produce parallel light, and is thus inherently 
antithetical to the notion of using a small light source to create the more complex 
non-planar wavefront of light. In any event, there is simply no text from which an 
inference can be permissibly drawn, much less any express discussion that 
would provide incentive, suggestion or teaching to combine the Ring parallel light 
diffraction pattern analysis techniques with the French reference geometrical 
technique. 

The Examiner's Actions in this case have simply failed to deal with this 
issue. They have failed to address, despite the point being made expressly and 
in detail in every paper filed by appellants since the Preliminary Amendment in 
this matter in December 2001 , the many ways in which Ring's use of parallel light 
for diffraction pattern analysis is fundamentally different from the French patent's 
use of non-planar wavefront light / geometrical approach, and from the present 
invention's use of non-planar wavefront light with Fresnel diffraction pattern 
analysis to measure objects. These Actions have utterly failed to adduce any 
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showing or suggestion in either of the French Reference of Ring of at least the 
following highlighted substantive, meaningful and patentably distinguishable 
limitations in each of claims 25, 43, 49 and 63: 

Claim 25: A process for measuring a dimension of an elongated, generally 
cylindrically-shaped article, comprising: 

a. illuminating a portion of the article using a light source which casts 
a beam with nonplanar wavefront onto the article; 

b. receiving said nonplanar wavefront beam on a light sensor array, 
the article interposed between the array and the light source so that the beam 
and the article create a intensity pattern as received by 

the array, the intensity pattern corresponding to a dimension of the article; 

c. obtaining from said array a plurality of signals corresponding to light 
intensity at a plurality of locations in said intensity pattern on said array; and 

d. determining said dimension by evaluating information from 
said signals corresponding to light intensity at a plurality of locations in 
said intensity pattern in accordance with Fresnel diffraction theory, and 
according to the assumption that the wavefront from the light source is 
nonplanar; and 

e. wherein distances between the source, the article and the 
array are selected such that the intensity pattern in the vicinity of one 
shadow edge cast by the article on the array Is at most negligibly 
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superimposed on th . intensity pattern in the vicinity of the other shadow 
edge cast by the article on the array. 

Claim 43: A process for measuring a diameter of an elongated article, 
comprising: 

a. illuminating a portion of the article using a light source which casts 
a beam with nonplanar wavefront onto the article; 

b. receiving said nonplanar wavefront beam on a light sensor array 
containing a plurality of elements, the article interposed between the array and 
the light source so that the beam and the article create a intensity pattern as 
received by the array, the intensity pattern corresponding to a dimension of the 
article that casts the intensity pattern on the array and the intensity pattern 
having at least two diffraction patterns; 

c. obtaining from said array a plurality of signals, each signal 
corresponding to light intensity from said beam at the location of an element on 
said array; 

d. determining the distance between the article and a member 
selected from the group of the light source and the array; 

e. determining said dimension by evaluating (a) information 
corresponding to said distance and (b) information from said signals 
corresponding to light intensity at a plurality of locations in said intensity 
pattern in accordance with Fresnel diffraction theory, and according to the 
assumption that the wavefront from the light source is nonplanar; 
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f. in the process of said determination of said diameter, 
compensating for tlie difference between (i) said dimension that casts the 
intensity pattern on the array and (ii) the diameter of the article; and 

g. wherein distances between the source, the article and the 
array are selected such that the intensity pattern in the vicinity of one 
shadow edge cast by the article on the array is at most negligibly 
superimposed on the intensity pattern in the vicinity of the other shadow 
edge cast by the article on the array. 

Claim 49: A process for measuring a dimension of an article, comprising; 

a. illuminating a portion of the article using a first light source which 
casts a first beam with a nonplanar wavefront onto the article; 

b. receiving said first beam on a first light sensor array containing a 
plurality of elements, the article Interposed between the first array and the first 
light source so that the first beam and the article create a first intensity pattern as 
received by the first array, the first intensity pattern corresponding to the 
dimension of the article; 

c. obtaining from a plurality of elements in said first array a set of first 
signals corresponding to light intensity from said first beam at a plurality of 
locations in said first intensity pattern on said first array; 

d. illuminating a portion of the article using a second light source 
which casts a second beam with a nonplanar wavefront onto the article; 
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e. receiving said second b. am on a second light sensor array 
containing a plurality of elements, the article interposed between the 
second array and the second light source so that the second beam and the 
article create a second intensity pattern as received by the second array, 
the second Intensity pattern also corresponding to the dimension of the 
article; 

f. obtaining from a plurality of elements in said second array a 
set of second signals corresponding to light intensity from said second 
beam at a plurality of locations In said second intensity pattern on said 
second array; and 

g. determining said dimension by evaluating Information from at 
least one of said first and second sets of signals corresponding to light 
intensity at a plurality of locations in said first and second intensity 
patterns in accordance with Fresnel diffraction theory the determination 
conducted according to the assumption that the wavefront from the light 
source Is nonplanar; 

h. wherein determination of said dimension takes into account 
the difference between the actual dimension of the article and the 
dimension of a shadow cast on at least one array by the article, the 
difference being caused at least in part by the beam having a nonplanar 
wavefront. 
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Claim 63: A process for measuring a dimension of an elongated, generally 
cylindrically-shaped article, comprising: 

a. illuminating a portion of the article using a light source which casts 
a beam with nonplanar wavefront onto the article; 

b. receiving said nonplanar wavefront beam on a light sensor array, 
the article interposed between the array and the light source so that the beam 
and the article create a intensity pattern as received by the array, the intensity 
pattern corresponding to a dimension of the article; 

c. obtaining from said array a plurality of signals corresponding to light 
intensity at a plurality of locations in said intensity pattern on said array; and 

d. determining said dimension by evaluating information from 
said signals corresponding to light intensity at a plurality of locations in 
said intensity pattern in accordance with Fresnel diffraction theory, and 
according to the assumption that the wavefront from the light source is 
nonplanar; and 

e. filtering said signals corresponding to light intensity at a 
plurality of locations in said intensity pattern in order to attenuate effects of 
dirt. 

(2) Ring teaches away from the French Reference. In fact, 
Ring teaches away from combining the French reference geometrical or light 
ray-based measuring technique with diffraction pattern measuring techniques. 
Column 1 , lines 15-28 of Ring specifically recognizes the existence of prior art 
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optical electronic measuring methods which utilize the shadow produced by a 
work piece, such as in the French reference. It recognizes that these prior art 
measuring methods, such as the French reference, use geometrical (ray) optics 
as opposed to wave optics. Ring, Column 1 , lines 22-23; column 1 , lines 26 - 34 
and column 2, lines 21 - 25. But instead of seeking to improve on such 
techniques. Ring rejects them: Among other reasons, Ring says that such 
geometrical (ray) methods often require that precise distances be maintained 
between the light source, the work piece and the sensor so as to avoid an 
unfavorable effect on precision if the distances cannot be maintained. It also says 
at column 1 , lines 38-46, that such prior art geometrical (ray) techniques as in the 
French reference require the light sensors to have a high capacity of resolution. 
Ring notes that apart from unavailability of such sensors in many cases, seeking 
to compensate mathematically using purely geometrical (ray)techniques, as in 
the French reference, detracts from reliability of the measuring results. Id. 
Accordingly, Ring places the French reference type geometrical (ray) optic 
solution in a separate category from its own wave optic solution and rejects the 
geometric (ray) optic solution rather than combining such geometrical (ray) optic 
techniques with wave optic techniques. Ring Column 1, line 18-46. 

(3) No suggestion in eltlier the French Reference or Ring 
that they should be combined. In any event, there is absolutely no suggestion 
in either the French Reference or Ring that the two references should be 
combined to arrive at Appellants' invention. Nor has the Examiner pointed to any 
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such purported showing. Cases are legion that absence of any suggestion to 
combine references, as here, is fatal to an obviousness determination. Northern 
Telecom, Inc. v. Data Point Corp., 908 F.2d 931, 934 (Fed. Cir. 1990) (affirming 
district court holding that claims had not been proved invalid as obvious and 
holding that the patent challenger must present evidence of some teaching, 
suggestion or incentive supporting a combination of references). Beyond that, 
and without belaboring this document with a plethora of citations, it is clear that 
references which teach away from one another only strengthen the 
nonobviousness case. Accordingly, the Actions to date have failed to establish a 
prima facia case that the pending claims are obvious. 



In view of the foregoing, the Examiner's rejections of Claims 25-80 were 
erroneous and reversal of his decision Is respectfully requested. 



Of counsel: 

Kilpatrick Stockton LLP 
Suite 2800 

1 100 Peachtree Street NW 
Atlanta, GA 30309-4530 
404.815.6494 (t) 
404.815.6555(f) 



CONCLUSION 



James L. Ewing, IV 
Reg. No. 30630 
Attorney for Appellants 
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Appendix A 
CLAIMS ON APPEAL 



25. A process for measuring a dimension of an elongated, generally 
cylindrically-shaped article, comprising: 

a. illuminating a portion of the article using a light source which casts a beam 
with nonplanar wavefront onto the article; 

b. receiving said nonplanar wavefront beam on a light sensor an'ay, the 
article interposed between the array and the light source so that the beam and 
the article create a intensity pattern as received by the array, the intensity pattern 
corresponding to a dimension of the article; 
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c. obtaining from said array a plurality of signals corresponding to light 
intensity at a plurality of locations in said intensity pattern on said array; and 

d. determining said dimension by evaluating information from said signals 
corresponding to light intensity at a plurality of locations in said intensity pattern 
in accordance with Fresnel diffraction theory, and according to the assumption 
that the wavefront from the light source is nonplanar; and 

e. wherein distances between the source, the article and the array are 
selected such that the intensity pattern in the vicinity of one shadow edge cast by 
the article on the array is at most negligibly superimposed on the intensity pattern 
in the vicinity of the other shadow edge cast by the article on the array. 

26. The process of claim 25 wherein evaluating information from said signals 
is accomplished using information that corresponds to a plurality of characteristic 
feature points in at least one diffraction pattern in the intensity pattern. 

27. The process of claim 26 wherein said characteristic feature points are 
selected from a group comprising turning points, local centroids, local intensity 
maxima and local intensity minima in said at least one pattern. 

28. The process of claim 25 wherein evaluating information from said signals 
is accomplished using information that corresponds to a gradient between 
predetermined characteristic feature points in at least one diffraction pattern in 
the intensity pattern. 

29. The process of claim 25 wherein evaluating information from said signals 
is accomplished by comparing said information to information corresponding to a 
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reference intensity pattern determined in accordance with Fresnel diffraction 
theory. 

30. The process of claim 25 wherein evaluating information from said signals 
is accomplished by comparing said information to a plurality of reference intensity 
patterns determined in accordance with Fresnel diffraction theory. 

31 . The process of claim 25 wherein the dimension of the article is a diameter 
of an elongated article. 

32. The process of claim 31 wherein the article is moving when its diameter is 
measured. 

33. The process of claim 25 wherein the light source produces monochromatic 
light. 

34. The process of claim 25 wherein at least one contamination-reducing 
member is interposed between the article and at least one of the array and the 
light source, said at least one member selected from the group comprising 
electrostatic apertures, non-electrostatic apertures, compressed gas nozzles and 
transparent material. 

35. The process of claim 25 wherein a transparent material is interposed 
between said article and at least one of said array and said light source. 

36. The process of claim 25 wherein determination of said dimension takes 
into account the difference between the actual dimension of the article and the 
dimension of a shadow cast on the array by the article, the difference being 
caused at least in part by the beam having a nonplanar wavefront. 
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37. The process of claim 36 wherein determination taking into account said 
difference includes proportionally compensating for the distance of the article 
from a member selected from the group of the light source and the array. 

38. The process of claim 36 wherein said determination of said dimension 
includes compensating for the difference between (i) a dimension of the article 
that casts the shadow on the array and (ii) said dimension of the article that is 
actually desired to be determined. 

39. The process of claim 25 using at least two light sources. 

40. The process of claim 25 using at least two light sources and two arrays. 

41 . The process of claim 25 using two light sources and two arrays, wherein 
the beams cast by the light sources are substantially perpendicular to each other. 

42. The process of claim 41 wherein determination of said dimension relies 
upon a value corresponding to a distance between an array and the article, and 
said value is derived using information from said two arrays. 

43. A process for measuring a diameter of an elongated article, comprising: 

a. illuminating a portion of the article using a light source which casts a beam 
with nonplanar wavefront onto the article; 

b. receiving said nonplanar wavefront beam on a light sensor array 
containing a plurality of elements, the article interposed between the array and 
the light source so that the beam and the article create a intensity pattern as 
received by the array, the intensity pattern corresponding to a dimension of the 
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article that casts the intensity pattern on the array and the intensity pattern 
having at least two diffraction patterns; 

c. obtaining from said array a plurality of signals, each signal corresponding 
to light intensity from said beam at the location of an element on said array; 

d. determining the distance between the article and a member selected from 
the group of the light source and the array; 

e. detemnining said dimension by evaluating (a) information corresponding to 
said distance and (b) information from said signals corresponding to light 
intensity at a plurality of locations In said intensity pattern In accordance with 
Fresnel diffraction theory, and according to the assumption that the wavefront 
from the light source is nonplanar; 

f. in the process of said determination of said diameter, compensating for 
the difference between (i) said dimension that casts the Intensity pattern on the 
array and (ii) the diameter of the article; and 

g. wherein distances between the source, the article and the array are 
selected such that the intensity pattern In the vicinity of one shadow edge cast by 
the article on the array is at most negligibly superimposed on the intensity pattern 
in the vicinity of the other shadow edge cast by the article on the array, 

44. The process of claim 43 wherein evaluating information from said signals 
is accomplished using information that corresponds to a plurality of characteristic 
feature points in at least one diffraction pattern in the intensity pattern. 
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45. The process of claim 44 wherein said characteristic feature points are 
selected from a group comprising turning points, local centroids, local intensity 
maxima and local intensity minima in said at least one pattern. 

46. The process of claim 43 wherein evaluating information from said signals 
is accomplished using information that corresponds to a gradient between 
predetermined characteristic feature points in at least one diffraction pattern in 
the intensity pattern. 

47. The process of claim 43 wherein evaluating information from said signals 
is accomplished by comparing said information to information corresponding to a 
reference intensity pattern determined in accordance with Fresnel diffraction 
theory. 

48. The process of claim 43 wherein evaluating information from said signals 
is accomplished by comparing said information to a plurality of reference intensity 
patterns determined in accordance with Fresnel diffraction theory. 

49. A process for measuring a dimension of an article, comprising; 

a. illuminating a portion of the article using a first light source which casts a 
first beam with a nonplanar wavefront onto the article; 

b. receiving said first beam on a first light sensor array containing a plurality 
of elements, the article interposed between the first array and the first light 
source so that the first beam and the article create a first intensity pattern as 
received by the first array, the first intensity pattern corresponding to the 
dimension of the article; 
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c. obtaining from a plurality of elements in said first array a set of first signals 
corresponding to light intensity from said first beam at a plurality of locations in 
said first intensity pattern on said first array; 

d. illuminating a portion of the article using a second light source which casts 
a second beam with a nonplanar wavefront onto the article; 

e. receiving said second beam on a second light sensor array containing a 
plurality of elements, the article interposed between the second array and the 
second light source so that the second beam and the article create a second 
intensity pattem as received by the second array, the second intensity pattern 
also corresponding to the dimension of the article; 

f. obtaining from a plurality of elements in said second array a set of second 
signals corresponding to light intensity from said second beam at a plurality of 
locations in said second intensity pattern on said second array; and 

g. determining said dimension by evaluating information from at least one of 
said first and second sets of signals corresponding to light intensity at a plurality 
of locations in said first and second intensity patterns in accordance with Fresnel 
diffraction theory the determination conducted according to the assumption that 
the wavefront from the light source is nonplanar; 

h. wherein determination of said dimension takes into account the difference 
between the actual dimension of the article and the dimension of a shadow cast 
on at least one array by the article, the difference being caused at least in part by 
the beam having a nonplanar wavefront. 
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50. The process of claim 49 wherein evaluating information from said signals 
is accomplished using information that corresponds to a plurality of characteristic 
feature points in at least one diffraction pattern in at least one of said intensity 
patterns. 

51 . The process of claim 50 wherein said characteristic feature points are 
selected from a group comprising turning points, local centroids, local intensity 
maxima and local intensity minima in said at least one pattern. 

52. The process of claim 49 wherein evaluating information from said signals 
is accomplished using information that corresponds to a gradient between 
predetermined characteristic feature points in at least one diffraction pattern in at 
least one of the intensity patterns. 

53. The process of claim 49 wherein evaluating information from said signals 
is accomplished by comparing said information to information corresponding to a 
reference intensity pattern determined in accordance with Fresnel diffraction 
theory. 

54. The process of claim 49 wherein evaluating information from said signals 
is accomplished by comparing said information to a plurality of reference intensity 
patterns detenmined in accordance with Fresnel diffraction theory. 

55. The process of claim 49 wherein the dimension is a diameter and wherein 
the article is moving when its diameter is measured. 

56. The process of claim 49 wherein the light sources produce monochromatic 
light. 
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57. The process of claim 49 wherein at least one contamination-reducing 
member is interposed between the article and at least one of the array and the 
light source, said at least one member selected from the group comprising 
electrostatic devices, non-electrostatic apertures, compressed gas nozzles, 
creation of an overpressure and transparent material. 

58. The process of claim 49 wherein transparent material is interposed 
between said article and at least one of said array and said light source. 

59. The process of claim 49 wherein said determination of said dimension 
takes into account distance of the article relative to at least one member selected 
from the group comprising said light sources and said arrays, and wherein 
infomriation con-esponding to said distance is determined from at least one of 
said first and second sets of signals. 

60. The process of claim 59 wherein said determination of said dimension 
relies upon a value corresponding to a distance between an array and the article. 

61 . The process of claim 49 wherein distances between the sources, the 
article and the arrays are selected such that the intensity patterns in the vicinity 
of one shadow edge cast by the article on each array is at most negligibly 
superimposed on the intensity pattern in the vicinity of the other shadow edge 
cast by the article on the array. 

62. The process of claim 49 wherein said determination of said dimension 
includes compensating for the difference between (i) a dimension of the article 
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that casts the shadow on the array and (ii) said dimension of the article that is 
actually desired to be determined. 

63. A process for measuring a dimension of an elongated, generally 
cylindrically-shaped article, comprising: 

a. illuminating a portion of the article using a light source which casts a beam 
with nonplanar wavefront onto the article; 

b. receiving said nonplanar wavefront beam on a light sensor array, the 
article interposed between the array and the light source so that the beam and 
the article create a intensity pattern as received by the array, the intensity pattern 
corresponding to a dimension of the article; 

c. obtaining from said array a plurality of signals corresponding to light 
intensity at a plurality of locations in said intensity pattern on said array; and 

d. detenmining said dimension by evaluating information from said signals 
corresponding to light intensity at a plurality of locations in said intensity pattern 
in accordance with Fresnel diffraction theory, and according to the assumption 
that the wavefront from the light source is nonplanar; and 

e. filtering said signals corresponding to light intensity at a plurality of 
locations in said intensity pattern in order to attenuate effects of dirt. 

64. The process of claim 63 wherein evaluating information from said signals 
is accomplished using information that corresponds to a plurality of characteristic 
feature points in at least one diffraction pattern in the intensity pattern. 
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65. The process of claim 64 wherein said characteristic feature points are 
selected from a group comprising turning points, local centroids, local intensity 
maxima and local intensity minima in said at least one pattern. 
67. The process of claim 63 wherein evaluating information from said signals 
is accomplished using information that corresponds to a gradient between 
predetermined characteristic feature points in at least one diffraction pattern in 
the intensity pattern. 

67. The process of claim 63 wherein evaluating information from said signals 
is accomplished by comparing said information to information corresponding to a 
reference intensity pattern determined in accordance with Fresnel diffraction 
theory. 

68. The process of claim 63 wherein evaluating information from said signals 
is accomplished by comparing said information to a plurality of reference intensity 
patterns determined in accordance with Fresnel diffraction theory. 

69. The process of claim 63 wherein the dimension of the article is a diameter 
of an elongated article. 

70. The process of claim 69 wherein the article is moving when its diameter is 
measured. 

71 . The process of claim 63 wherein the light source produces monochromatic 
light. 

72. The process of claim 63 wherein at least one contamination-reducing 
member is interposed between the article and at least one of the array and the 
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light source, said at least one member selected from the group comprising 
electrostatic apertures, non-electrostatic apertures, compressed gas nozzles and 
transparent material. 

73. The process of claim 63 wherein a transparent material is interposed 
between said article and at least one of said array and said light source. 

74. The process of claim 63 wherein determination of said dimension takes 
into account the difference between the actual dimension of the article and the 
dimension of a shadow cast on the array by the article, the difference being 
caused at least in part by the beam having a nonplanar wavefront. 

75. The process of claim 74 wherein determination taking into account said 
difference includes proportionally compensating for the distance of the article 
from a member selected from the group of the light source and the array. 

76. The process of claim 74 wherein said determination of said dimension 
includes compensating for the difference between (i) a dimension of the article 
that casts the shadow on the array and (ii) said dimension of the article that is 
actually desired to be detemnined. 

77. The process of claim 63 using at least two light sources. 

78. The process of claim 63 using at least two light sources and two arrays. 

79. The process of claim 63 using two light sources and two arrays, wherein 
the beams cast by the light sources are substantially perpendicular to each other. 
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80. The process of claim 79 wherein determination of said dimension relies 
upon a value corresponding to a distance between an array and the article, and 
said value is derived using information from said two arrays. 
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• Un objet de lavpresente invention: est de pr 

20 precede de mesure dynamlque du dlametre d ' un f 11 permettant. d 'evlter . 
les inconvenient s ci-dessus. 

Un autre objet de la. presente inyentiori est de prevolr un.. 
tel procede permettant une mesure .sp.u^ forme;: n^^ . 
• ; ^v.y :• • ; ?; un /aut de/ia pre^^^ ihyefition eSt.^^d 

25. vtel precede permettant one mesure pratiquemeht Instaritahee. . 
'Xv. ^ Un autre objet de la presented. inv en W 

■ ^- disposltlf mettant^ieh Qei^ v . -'^ 

/ Le prob^de de m4iu"r^^^^^^ 

: • la presente invention - compre^d.^^^ ;l^s eta 

30 %^6ox\slstknt k • eclalrer ce fil selon une jpremidre. d 

une source lumineuse ponctuelle du lineaire et parallele aU; f 11 dis^^^ 
fagon a former on diedre d'onibre; disposer dans un premier plan : c6u-r . 
pant .ce diedre d ' ombre > sen slblement a la. liniite -d^ chacuh des.^^^^^^^^ 
de la projectioh du fil et perpendiculairement a cette llrnite, deux 
35 detecteurs lineaires a cellules, eiementialres; compter a divers ins- 
tants souhaites le nombre de cellules non eclairees des deux detec- 
teurs; et addltionner ces deux nombres et un nombre correspondant a 
38 la distance constante entre les deux detecteurs d*o\i 11 resulte une 




20 ces^limltes^ et des raoyens pour cojDpter ^'tout inst^^t'^ soUhaite^ le ' 
nombre de cellules situees dans la zone d* ombre." ' ' 

On ,ya d^^ des modes de realisation particu- - 

lier^s de la' pr^sente invention dans lesquels les photoddtecteurs 
lineaires a^ cellules eleraentaires sont des dispositifs photosensi- 
25 bles Va ; transf ert; d^^ charge couranmient ddsighes danB rla: tecto^ 
, le sigle CCD d'apres leur appellation anglaise { Charge Coupled 
_ Deviqe), Ces detecteurs photos ens ibles peuvent. et're consider ^s^^ooune/ . 
v>-- des r^^^ chacune.des dkses oU* des^'6eil«le$^ des-^^^^^ i 

."3^;. quelles des charges peuvefit ,etre accumulates par suite d 'un^ Eclair " 
3b Djent et proportidhnellement k 1' intensity de cet ^clalrement*. De tels'/ 
; : - dispositifs spht disponible^ commercl de la^^^ v . - 

soci^t^ dite Faiirbhlld :Corporation> sous la denomination commerciale ^ 
CCDl. , ' 
Une description detaillee de modes de realisation parti- 
35 cullers de la presente invention va etre donnee ci-dessous a titre . : x 
d*e3ceniple en relation avec les dessins joints dans lesquels : . • 
La figure 1 represente schematiquement 1-agencenient d'un ; . 
38 dispositif de mesure dynamique du diaraetre . d 'tin f 11 ; . 

La figure 2 illustre a titre de cbmparalson et d'exeirnple . 



'^^'y'-^'''::: ] s contenu d'un dispositif photosensible ,seloh la^ 

A ' /'sente invention ; et -y :^ - . vV'-''}.^" 

f^''C:'^^'/\?' ' V ' La figure: 3^^^^ On deuxiferae roodfe . de -real^^^^ 

I : .la^presente invention dans le cas oxi le fil est muni d*ime g'ai^^ 

* En figure 1, one source aumiheu3e^i 6clair^^ Un ^f il ;2J.^^^ 

dans un sens perpend ic uialre au plari';tie/la Tigar - 
'^Vf^'^;:^^^^ ^tant evehtuellement tr^s rapide '^et TiT et . 

ilfll^lili®^^ a\i^:til>^;6-*es1; 

jO^-^; de ia^ figure. ,11 se forme alnsi iui diedr^;:<i>o^^^^ :.; . 

- Iv'/^^^^^^^^ im ecran '3 une bande d' ombre-' i^^^ '/ 

i:{';\?rc^^ limitQS de cette bande d'otiibre,. et a chWyalJsur' ^ 

SMfeV^ 6^s^/p^lj3todet^^ cholsie .P9ur.qu^> a:u^ 

1: ; . • ; ' ' cours des vibrations du fil dans le sens parallqle/a 

P.Lv v ' V ' ' ' les liraites de la zone d'orabre restent dans la plupart;des :cas S^^^^^ 
' ^ - l^interieur des dimensions! des photodetecteurs lineaires.4 et 5. 

* ; - source lUmineuse deivria eraettre. une .2^^ 

;v^;C; -S r .V cbmpatible avec la reponse: spectrale des photodeteote^ - 

^ air^s 4 et 5 et des precautions deivrcmt etre . praises pour que la^^ 
^ ' - miere parasite n'agisse pas. On pourra/ pa:r exenrple>preyoir un^b^ - 

; / y -V ou encore choislr One longueur .d'on>d^ devs^ 

i^^^V-^ chromatique et faire preceder; chacun des' phofcodetect^ 

^ ; 25 mon^ tres selectif approprie. Ainsi, la. lumiere parasite 

: i^^v;' :^ v-ii'aura^^ue; peu d ' influence ; La squrb^e. lumineuse i pe^tV: P^^ 

' " / gtre une diode elect rbluminesc en t^^ 
: ; r . ;" yh. * vie et qui est peu sensible aux vibrations^ c qui -corip^^ 
'•^ • a^^^ "dans- uri environnement d'atelier dei if^ricat 

7 • ' ^ 2^ Les photod^t^cteurs iineaires 4 et 5 <5u type a transf ert • T 

\ie charge peuvent etre consideres conime formes de h celluies elemen- , , 
i ;v,/ : talres allgn^es, Ces cellules se chargent chacune proportionneHfiment 

a la quantlte de lumiere qu'elles regoivent. Pour effectuer la -lec- 
ture, les deux photodetecteurs ou registres ^ et 5 sont decales 
35 sequentiellement dans le sens indique.par les fleches 6 et-7 de sorte 
que le contenu de la cellule 1 situee dans la zone d* ombre de chacun 
de ces registres soit ex trait en premier. En disposant a la sortie 
38 du registre un comparateur suivi d'un compteur, on peut compter sue-. 




1 : >Y r.V O^^^^^^ photipsenslble; 5 ^ im In^s^^^ 

r/.- efrectu^e la^ mesure. En tenant compte dulfact;eur'>a^^^el)ie^ ^ , 

! ^ '^ V^ ' distance ehtre les registres et, 5;*;on '.obt'ieri^ 

-f;;;;: - du fil, le facteur:de.:proportlo . 

' P/Pi-^ P etant la distance entre'la source lumineuse'l et. < 1 ' ^"orarv". 
^ ' 3 et la distance entre le fil et la source. .lumineuse. . Bieh 

: .^-^--^^-- - r^^^^ dans c"^b qui prec^e;, 6n a suppose que. i^^^^ p^ ' ^^tait cons-^'-'- 

V ■ : djes fa}oyens 'mecaniqueB';par example etaient^/ .r Vf, ' 

■ . - pr^vus pour empeeh.^r. Ie^^^ • 

; V25' 'I'^cran 3- . ^"i-, ' . ^ / ' ' ' \ 




",:/:V.' ■ "de''13-. fois, ^^^9^i^*.9^iW6'-"'^€i>c^ 

pour le fil.; Le diametre; 
\ \ V ' : eh nittirons dii fil. sera done le nombre de; QaisesVnoires ;du^ 
.-i plus i^;nb du registre ;5 plus b WiVri^ 

r-v'0 ;'*i;/^;; V;caivt56 .pai^- 13.*"Solt- : n^^ + n^ b. ('-^ •)/l3'* ^'V ''^/-^^r: "^^^^^^^ 

■ . On a decrlt pr^c^demnient un raoyen de mesure numerique du 

. / - "35 dlaraetre d'uh fil et de ses variations/ On hotera toutefois que>: v ^ 
s'ii s'agit la d'un mode de r^aiisatidn prefdre de la pr^sente in-' ; 
vention. Les registres photosensibles h et 5 du type a transfert de : . 
38 charge sont, quant au oontenu de chacune de leurs cases,des dispbsltifs .. 



I 





"c V : -vv :.:: ; poussiere se trouve 

' ' ' - .'bien dans la zone de.lumiere et n'al 

r"' " sure. Dans le cas le plus defavorable, la poussiere poUri^a se ^trouV ' 
' ; - • , ver a la limite des : zone luriii^re . MSriie' <ians ce d 

- ; V 20>::casy ,sa, pre^^ se'fsignalera par 1 ' apparition d^'i^^^ ^ 

V; :^u^ ensuite. etre elimihe lor§ du t^raitemeht,^ ; ; " 

■ : Oh notera egalement qu Vll peut se produire aGcidfe^^ 

^ une forte vibration :du fil 2 .qul entraine ie-si.i^i 
i^;:^^,^/ ::d^^^ sortir ,de^S,:dimehsions^des i'egls^;ries^-i^ 

. 25. T6\xr eviter d'effectUer des.enrieglstrerae^hts ei^ratiqUes>. ce^^^^^ 

- . . jjass si, on falsait uh:.e^ t;el:;in^^^ 

' . , ' tant> des moyens de validation sont prevus pbur jjihiber. le comptage • 

• ; . - q^^ (iu reglstre/ ^ ,oU. ia^:^^^^^ ' i f . 

5".n ' es^ ' pas^^'"noire/>-; :;ie:^.tels^circuiti:s^^ ,■ 

; ;.V^ : 
, Une application eiiyisagde de la pre 

la /sui*veiilance .de f agon pratiquement c 
- . tervalles reguliers dans le temps, du dianietre d \un f iV au^cour^^^ 
fabrication^ par exemple,lors. de la fabrication de fils electi^iques 
35 . ou tel^phoniques galn^s ou rion^ ou de fils textiles^ Eri ce cas;H 
pourra etre utile pour I'operateur de la machine de visualiser sur 
une echelle lumineuse I'etat des cellules des registres ^ et 5. 
38 Ainsi, le contenu des cellules pourra etre transf^re lors de chaque 




P^*;'^^*"^^^^^ ces donnees pour agir slir des' asservlss^e^nts Jiu^ 

■ "^,v\v du' analpgiques et pour, cbnserver une; i^ra'be' de la/jiie^^^ 
""^Kj^lj.-'^.-.V des correlations immediates ou retarcSees/ayec/l^^t^^p^^ 

'^'a''*^'- '.O' 5-, ' 'fne tries ^de fabrication ihrluan diametre du' f il/Xes inTprnia- * 

' .'• " , 7.''ti6hs numeriques pburroht, etre stbckees sur c 
%. /- gnetique' et les inforniatibhs analoglqUes : 

'' ■;:\^^:-^,:;^^-^-2^^-j^- - , / -.Dans ie cas d ' Ijiformationsrurrteriqueis bn^^^^^ 
. \ ;;_^/un prdinateur pour effect uer un traitement stat 

V 1.^^.^?'^^ ' ' ^ / pax^' -ekemple^ les valeurs raoyennes, les ecarts types^ .etc, . > 

supp9se dans, ce. qui precede, .que 'fil^ne/'^ 
L^^'H^il^r'^^^^ ' it)i"er dMns; une direction, normale au^ plan mesUre5,3> Cepi;:^^^^ 
■'K^sMS^vi^^P^^^^^ i a pratique, En consequence^^ cx>ra^ 

en figure 1,: on pbui^x^^- P:i'^'^oir- v 
iv: Tnesurer les Yariatlbhs A p^; d^Jjia.^^^^^^ p^^ 

yv '/^v^-ii^ ce: parametre pour corrigeir .la, m def diametre: f ourni^ 

par les regi'stres photosehsibles 4 et 5. A titre d'ejcemple^ ce dis-. 
^ ■ . 35 ' positif auxilia peut comprendre une. source lurhineuse 10 suivie . 

d'un objectif 11 projetant I'ombre dii fil sur un ecran 12, Uh troi- 
sifeme registre photosensible 13 permet de detecter les variations de 
38 p,. 




r >rv:-;=:.^ : 'V * ■j'^ " /■ • <i' iihe:.gaine^^ ti^arislticide; 21 . ..Dans. c'etteVf 
V 7?' ' . ' . ' ,tiqueB, Sl belles de- la f igure; 1 designen't 
''V;^ ' 'trobyera'>alors sur;l'^ " ' - 

?-"Ti^<^%V:?: ;^ . oh ''pdui*ra'^^&b\':jplu^^ 

K'T .^o^^ bianc;,.v es^ grls, ou, bien- def inir eri. pi us>: uHf^i^ 

l}C''^':J^-i^^.C'y--:lS ' trl^}2e: de:Qris compris entre deux limit es' different e^s J ^ 

'\ ; V pour eviter des eirreuf*s dues a des derives de tension.. -Ce,':^^i,des ^ 

"^^^'h \'f'^^^^^^ discriminateur a f enetX'e ;de',t,enslJon 

! >/' r- V; ' • '.^eoonde^^ proceder donne one information plus .i'icte'lqui- per7 

i' ' : '"V: ' ' mettra^' entre autres, par totalisation des noirs" plus gris plu3\^ - 

.20 bikAcs, de detecter des Anomalies ; telle 

- ~ ce'rtaines cases ou cellules si cette sorame n-.est pa 

detecteuris iineairea photos^ : 

k-:y}y / ^i' ': ' - l^ien s0r> ' de- merne que dans lev cas\deul|a^;;^^ ' 

. / ~ '*y * ' ' . ' ra utiliser^ dans le cas de la f i^ui^eVJV ^ l^^*^^"^^.!^^^^^^ 

^' fiy- '--^ ^■■■■/-•■.:-.2$y norraaies, ■ 'V/- . . ' ■ •; ■ - "^'^ ^- -V^^"'' ^ 

... 





V V'- ri-'^^ilii'i^ipm deux \ hofnbres 

' ^' ^ ' mesui7'e, Instantanee du diamfetre du-fll. . r ^ - J' ' 

. ; au jDlaii de raesure. . . ' ' ' 

20. ' 3 - Proced^ selon la revendication 1, caracteris^ en ce/qu'll- 

' . ' corapl^end en outre. les; etapes^^ , ^ . / . * 

-^clairer le fil selon one direction^^nsibiefeeht ^^^ 
la premiere direction ; 

- dlsp)oser dans un second plan de mesure, orthogonal* aii' pre-. / 
^ ; 25 .;,mlerv^ un troisieme photod^tecteur llneaire a cellules v^i^iriehta^^ 

'perpendiculaireroent k ia liniite d ■ un bord- de l/pmbre^^ 
> 'J; \ ' /y dans ce second plan ; . . , ^ ^ ' ; , • , . ; 

V' ' - compter les cellules non eclairees de ce troisieme -d6 tec-- 
' '} 'tear;; 'et ^ ' • ' - , 

' 3P - utiliser 1 * information resultant; de ce coinpVage^^^^^^ , 

\' . ' riger le resultat de la raeisure seiiori la revendlcatl 

I suite, que 1' on s/affrahchit des cohiposantes vibratdll*^^^^^^ 

. : \ : . ; dU: f il dans une direction hormale au .premier plaii^ de: liiesureVv 

^ 4 - Dispositif de mesure numerlque des dimensions de. i Vorabre- 
35 port^e d'un fil sur un ecran^ cairact^rise en ce. qu.'ll comprend deux , 
photodetecteurs lin^aires a cellules el^mentaires disposes perpendi- 
culaireiieht a. chacune des liraites de la zone d'ombre port^e du fil et \ 
38. a cheval sur chacune de ces limites, et des moyens pour compter h tout. 




5 - Dlspositif selon la revendicatjon 4,^ caracterise en ce - 
que lesdits photodetecteurs sont des registres a decalage photosen- 



5 sibles lineaires du type "a transfert de charge. ^-^> / . ' " \ 

^ ' 6 - Dlspositif selon la revendication 5:»^ car^ct^ris^ eh.c.e 

qu^il comprend des moyens d^horloge pour decaler le contenu,de3t re- 
gistres photosensibles vers des compteurs, ' ' - ' ^ ^ 
7 - Dlspositif selon la revendication 6, caracterise en ce' 
10 qu*il comprend des moyens d* Inhibition pour inhibei;. 16^ coinp^t^agfi ^ans 
' les compteurs quand la premiere case lue 4*un registre, contlent ' une 
information correspondant a un eclairement. ^ . ^ 



EXHIBIT B 



United states Patent ii9i 

Ring et at 



[11] Patent Numben 
[45J Date of Patent: 



4,854,707 
Ang. 8, 1989 



[54] METHOD AND APPARATUS FOR THE 
OPTICAL ELECTRONIC MEASUREMENT 
OF A WORKPIECE 
[75] Inventors: Manfred Ring, RadoljEzell; Jorgen 
Wdwr^ Hamburg Hefamit 
Ackonann, Norderstedt, all of Fed. 
Rep. of Gennany 

173] Asagnee: Georg Rscher Aktica^scllschaft, 
Schafihausen, Switzerland 

pi] AppLNo.: 213^ 
[22] Ffled: Jnn. 27, 1988 

Rdated VS. Ap^tion Date 

[63] Contmuation of Scr. No. 81(V930, Dec 18, 1985, aban- 
doned. 

[30] Foieigtt Applicatiim Priority Data 

Dec 20, 1985 [CH] Switzcriand 6071/84 

. GOIB 9/02 



[51] IntCL* 

[52] UJS.CL 

[58] Field of Search 



356/356; 356/387 

356/354, 355. 356, 384, 
356/385, 386, 387, 388 



[56] References Gted 

U.S. PATENT DOCUMENTS 
3,812376 5/1974 Takeyama et aL 



3,937,580 2/1976 Kasnan 356/354 

3,941,484 3/1976 Drcyfos 356/388 

4,131,363 12/1978 Pfyor 356/356 

FOREIGN PATENT DOCUMENTS 

00i22237 1/1981 European Pat Off. . 

2458807 7/1975 Fed. Rep. of Gennany . 

2613224 6/1977 Fed. Rep. of Gennany . 

3100550 1/1982 Fed. Rep. of Gennany . 

OTHER PUBLICATIONS 
M. Bom, E. Wolf, Principles of Optics, Pergamon Press, 
Oxford, 1975, pp. 428-430 and 432-435. 

Primary Examiner— V'mceat P. McGraw 
Assistant Examiner — S. A- Turner 
Attorney, Agent, or F/rm— Marmorek Guttman 
Rubenstein 



[57] 



ABSTRACT 



356/355 



An optical electronic method for the measuring of a 
workpiece is disclosed. A beam of radiation is used to 
illuminate an edge of the object to be measured to form 
an actual diffraction pattern. The actual diffraction 
pattern is converted to electronic signals by means of a 
sensor and corrdated electronically with a predeter- 
mined theoretically calculated diffraction pattern. 

14 Claims, 3 Drawing Sheets 
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SUMMARY OF THE INVENTION 



MEraOD AND APPARATUS FOR THE OPTICAL 

ELECTRONIC MEASUREMENT OF A The present invention is an optical-electronic method 

WORKPIECE and apparatus for measuring diameters of workpieces 

5 and other objects and for detemuning the contours of 

This is a continuation, of application Ser. No. objects. The apparatus and method of the invention, 

810,930, filed Dec. 18, 1985, now aband<»ed. despite being of simple construction as concerns the 

measuring optics, will afford an ample measuring range 

FIELD OF THE INVENTION keeping the measuring precision constant 

This invention relates to an apparatus and method for In the present invention an edge of a workpiece is 

the optical-electronic measuring of machine parts or illuminated with a beam of radiation to form an actual 

other objects. diffraction pattern. The actual diffraction pattern is 

^xT- r^rxrrj^rrrr^i^i couvertcd iuto ckctronic signals by means of a sensor 

BACKGROUND OF THE INVENTION ^ ^^^^ ^ ^ predetormLed and possibly theo- 

Prior art optical-electronic measuring methods for reticaQy calculated diffraction pattern, 

the testing or measuring of parts or woriq>ieces, utilize Thus, the present mvention uses the diffraction pat- 

the shadow produced by the workpiece, when the terns produced by a workpiece to measure the work- 

^workpiece is illuminated with a beam of radiati(ML The piece rather than using a geometrical optics technique, 

shadow is detected by sensing apparatus which pro- such as sensing the shadow produced by the workpiece. 

duces electrical ^gnals that arc interpreted for purposes ^ ^ result, in the method and ^paratus of the present 

(^measurement Thus, these prior art measuring meth- invention, the position of the workpiece edge to be 

ods use geometrical optics as opposed to wave optics. measured need not be ezacUy positioned relative to the 

The degree of measnring precision that can be sensor, as is required when a shadow-type geometrical 

achieved by these measuring methods often is not sufB- 25 optics technique is used. With the utilization of comput- 

cient In addition, when using such measuring methods, erized image processing, the contour of the workpiece 

it is often required that precise distances be maintained ^ ^ measured is determined by way of computer 

between light source, workpiece and sensor. There may programs. Thereby, a contour can be determined with 

be an unfavorable effect as concerns measuring preci- grater predion than a contour that is determined by 

sion, if the distances cannot be maintained with the 30 of geometrical imaging. Even the strong interfer- 

required preciaon during construction <x assembl>% or ^ ^^j^ ^^j^ ^j^^ utilization of laser light 

if the size of the workpiece or object to be measured is ^ adverse effect on the method of this 

changed during the measnring process, for mslance due indention; rather, they contribute to the exact determi- 

to temperature changes or vibrations. In the pnor art contour or distance to be measured, 

measuring methods, it is often necessary that the re- 33 ^sing the apparatus of this invention, all require- 

qnired precision be maintamed even upon a displace- ^ concerns the testing of parts or 

ment of the measuring instrument l^«6f dinaOy rela- ^^^j^^^^ ^ ^ automatic manufacturing process, 

tivc to the workpiece to be measured. Another disad- ^h J'^^^ments are: 
vantage is that to obtam a precise measurement the 

sen^musthaveahighcapacityofresolution^Itshould 40 contact-free n^easimng-> 
^oted that many Zsol which are available at the shoitm«u.unng times (a few seconds), 
present time do not have a satisfactory resolution capac- ^ greats measunng range; , . 
i/x<^o^i. «w , . . ^ , 1 a low decree of measunng uncertamty (a tew un- 
ity. This problem may be solved m part when the dec- * ^^'^ & j \ 
tronic signals produced by the sensor are evaluated, crometcrs^ ♦^r.u 
which, toJ^L, detracts from the reliability of the short evaluation toes, so that ti^. woricmg tools can 
mea^g result! be adjusted without waste of time. 

German patent application DE-OS No. 2458807 dasr BRIEF DESCRffTION OF THE DRAWINGS 

closes a method for measuring the distance between • ^ ^fo r«^c«r 

paraDdlmesincomiection^ththemanufactiireof „ HG. 1 shows a schematic representation of a measur- 

Smductor integrated drcuits. The method of the ^ "^^""^T^'^'^^J^^^^ 

German patent action uses diffraction patterns. accordance with an illustrative embodiment of the m- 

Here the diffraction pattern is obtained from light re- vention; . , . , . j 

fleeted by the object measured. Because of the required FIG. 2 shows a diffraction pattern which is produced 
reflection of the tight by the object measured, appUca- 5. when a woriq>iece is illuminated, m accordance with an 

tion of this measuring method b very limited and can iUustrative embodiment of the present mvention; 

only be used in connection with devices such as semi- FIG. 3 shows the schematic arrangement of the sen- 

conductor integrated drcuits. sors in relation to the workpiece to be me^ured, m 

It is the object of the present invention to create a accordance with an illustrative embodiment of the pres- 
method and apparatus for the optical dectronic measur- «> invention; 

ing or testing of a workpiece or other objects wherein FIG. 4 shows the diffraction unages m a diameter- 

the disadvantages inherent in the known methods can measuring process; 

be prevented. It is a further object of the invention to FIG. 5 shows a block diagram of a measunng appara- 

provide a measuring method and apparatiis that has a tiis in accordance with an illustrative embodiment of the 
measuring precision in the micron range and has multi- 65 present invention; and 

application purposes, such as the measuring of diame- FIG. 6 shows an embodiment of a measuring appara- 

ters and longitiidinal distances as well as for testing or tus in accordance with an illustrative embodunent of the 

determining the contours of parts. present invention. 
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Principles of Optks, Pergamon Press, Oxford 1975, 

DETAILED DESCRIPTION OF THE which b mputted in the computer's storage (memory). 

INVENTION In FIG. 2, the theoretical, position of edge 2 has been 

The measuring apparatus illustrated in FIG. 1 shows designated by the reference charactCT 2a 
a wori^OT^hSotoject 1 to be measured or tested. 5 HG. 3 shows an arrangement of hnear sensors A 
T^S3Sccl has an^Sge 2 arranged between a light which is used to enlarge the me^g range of the 
s^J^ men aiu^ted with light. measuring apparatus iUusttated in FIG. 6. Here several 

^ edge 2 produces a diftaction linage 8 which is.con- line sensors 4 are provided, arranged m two l«>ear rov« 
^^tatoXtrical signals by the sensor 4. The dec . one after the otha m soch a way that there .s a mutual 
trical signals 5 generated in sensor 4. corresponding to 10 overlapping 13 of sensor measurmg rang«(m the X- 
the di^^n 4agc 8. are transferred to an evaluation direction. Preferably^ h^t source 3 is 
device 6 whichfllustnitively comprises one or more each line sensor 4 of FIG. 3. In the example dlustiated, 
computers, in which the position and/or contour of seven Bne sensors 4 have been arranged, wherem the 
edee 2 is calculated. Here, the coherent and monochro- sensor 4fl has a first measurmg range, the two sensors 4* 
nuttic light source 3 fa preferably a laser diode, whose 15 have a second measuring range, the two sensors 4c have 
radialiOTfa widMcdby a fens system 7 and directed a third measuring range and the two sensors 4J have a 
paralleL The lens system 7 is preferably achromatic. fourth measuring range. The two rows of hn^ ^rs 
^smaD aberrations resulting ftom the use of the 4 arc separated by a fixed distance 14 along the Z-axis. 
actaomatic lens system 7 can be removed to a considet- The maximum mcasnring range of each set of sensors 
able extent in the computer: through correction pro-204*4fc4c4Aineachcase^ ,s represent^y the succ«- 
p!ir»nU^ sivdy larger diameters of the step-shaped rotationally 

^^a rotationally symmetrical woricpiece, such as the symmetrical part 1. For example, the diameter Dl may. 
workpiece 1 shown in FIG. 2, it is often desirable to for example, be measured using the two hne sensois 4fc 
detomine tiie contour of the wortpiece edge along the wherein the di&acted imag« 9b iOustrated m FIG. 4 

25 are produced, ftom which the actual diameter Dl is 
A snr&ce sensor which provides a two-dimenaonal calculated, 
imaae. such as a CCD^natrix camera, may be used for FIG. 6 shows an embodiment of a measuring appara- 
^^rposc. However, the resohition or the measnring tns. A stand 20 is provided with guide nub 21 on which 
ranse rttSting thereftom would be insufEkaent In the stand there b arranged a sled 22. d^laceable along the 
S«itinven^n.oneormorelmesensors4,whichcan 30 On the U-shaped sled 22, there are arranged at 

be displaced along the Zraxb (FIG. 3) during the mea- oppositdy dfaposcd locations along tl» Y-axis, tte bne 
suriniB operation relative to the woriq)iece to be mea- sensors ^ and tiie light sources 3 and associated lens 
sured are used to measure the contour (rf the edge. Such sy5tems7. . j • 

a line sensor may have up to three times the measuring The sled 22 b provided with m NC-controned dnve 
range of a surface sensor and typicaUy comprises a 35 23. wherein the exact location of the sled on the Z-axis 
suffi^t quantity of diodes arranged linearly to sepa- b determined by means of a bnear nKasunng stick 24 
rate tiie higher order diffraction maxima. The Ught and a dbtance indicator 25. The receivmg arrangement 
sensitivity of Uie mdividual diodes of tiie Kne sensor 4 - for the part or workpiece to be tested comprises a h^- 
varies up to about 10%. whereby image evaluation can stock 26 and a taibtock 27. The tailslock 27 is provid«l 
be made «£Bcult and the measurement result can in- 40 with a deUvery drive 28 and an angle indic^toT33^e 
elude errors. Thb, however, can be axrected before- woricpiece b held between the tips 29, 30. Tip 29 of 
hand, by determming certain parameters for each diode, headstock 26 can be activated by means of a rotary 
inputting tiiem into tiie computer, and compensating for drive 31 Which fa provided witii an angle mdicator 32 
such variations when tiie final evahiatimi b made by for mdicating angular positions, 
means of a technique, such as tiie "Pixd Cwiec- 45 A reference body 34b arranged coaxiaUy to tip 29 <» 
^ headstock 26. Reference body 34 comprises several 

The diffraction pattern 8 detected by tiie line sensor 4 cylindrical dbcs 35 tiiat difl^er in diameter, wherein^ 
as a result of fflumhiation of edge 2 by light source 3 b different reference diameters have been attributed to 
shown in FIG. 2, wherein the light mtensity of die each measuring range defined by the arrangement of the 
difftactioB image has been represented in tiie direction 50 linear sensors 4ft 4*. 4c 4d (FIG. 3). By means of refer- 
of tiie X-tob: The diffracted image S shows die maxi- ence body 34, it b posable to check tiie measurmg sys- 
mnm vahies 9 and nuiuminn vataes 10 and also tiie tern at ttie reference (fiameters and, if necessary, make 
mtersection pomts 12, which mteisect tiie mean Hght adjustments. If desired, tiie reference body 34 may abo 
intensity Bne 11. The diffracted image 8, espedaUy tiie. be activated by tiie rotary drive 31. whereby measure- 
maxima 9, tiie minima 10 and tiie mtersecticm pomts 12 55 ments may be obtained at different anguto poatroiis. 
are evaluated, wherein tiiese values and a diffracted For example, when measurements are disturbed by dirt, 
image that hasibeentiieoreticallycalcuhitcd or obtained new clean measuring spots can be set. 
through simulation and tiien stored, serves as starting The whole arrangement is provided with a covermg 
prantsfOT tiie calculation. In FIG. 2, the first and second hood 36 for protection agamst external mfluences, such 
intensity peaks along tiie X-axb are tiie zero and first £0 as stray Ught, dirt, etc, wherein parts or workpieces to 
order maxima.of tiie diffraction pattern of. FIG. 2, re- be measured are passed in and out tiirough an opening 
spectivdy. The titeoieticaOy obtained diffraction image provided with a door 37. Witiiin tiie covenng, it will be 
b based on a tiieoietical portion and contour of the convenient to create an over-pressure, for mstance by 
object at workpiece to be measured. In the cakntiation. means.of a blower, so tiiat tiie penetration of dirt and 
a correlation of tiie tiieoretical diffracted image and tiie 65 dust can be prevented as much as posabla. 
measured diffracted image takes place. The theoretical FIG. 5 shows a block diagram for tiie afore-descnbed 
diffraction image b calculated by known formulas, such measuring apparatus. Sensors 4 and the light sources 3 
as, for instance, tiie one given by M. Bom, E. Wolf, in are activated by means of an analog-digital converter 41 
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and are connected by means of a measuring-range con- 
trol 40 to an interface computer 4Z The computer 42 is 
also connected to the drive 23 and the distance indicator 
25 by way of control device 44. In addition, the com- 
puter 42 is connected to the rotational drive 31 and the 
angle indicator 32. An analysis computer 43 for per- 
forming the above-described correlations and calcula- 
tions is connected to interface computer 4Z The com- 
puter 43 is provided with an actuating connection for 
the delivery drive 28 of the tailstock 27 and its angle 
indicator 33. Furthermore, there are provided on the 
computer 43, the analysis, faidicating and servicing 
mechanisms 45, 46 and 47. 

In order to obtain automatic operation in connection 
with a processing machine 49 and a loading device 4S, 
the analysis computer 43 is connected with controls of 
the proccsang machine 49 and loading device 48. 

The measuring apparatus described b primarily in- 
tended for the testing and measuring of rotationally 
symmetrical parts, wherein their diameters, lengths, and 20 
contours can be precisely measured. In addition, cham- 
ferings, threadings and perforations can be checked. 
Through the use of the rotary drive, there may also be 
controUed, measured, and/or tested the roundness and 
rotational trajectory of a workpiece. It may also be 25 
possible to measure or test the longitudinal trajectory of 
a workpiece or other object With the measuriiig 
method and apparatus of the present invention, it wiU 
also be possible to measure the roughness of a surface. 

A distance measurement between two edges of a 30 
workpiece having different locations along the X-axis 
can be performed, in accordance with the present in- 
vention, without displacing the workpiece or measuring 
apparatus along the 2^axis (as described in connection 
with FIGS. 3 and 4). To measure the distance between 35 
the two edges at different portions along the Z-axis, a 
displacement of the workpiece relative to the light sour- 
ce/sensor arrangement along the Z-axis takes place 
during the measuring process. Thus, a sequence of mea- 
surements are made at different axial locations along the 40 
workpiece piece to be measured through use of the 
diffraction patterns formed by illuminating the edges of 
the workpiece. 

The afore-described measuring method, illustrated in 
FIGS. 1 and 2, can also be used for non-rotationally 45 
symmetrical workpieces or other parts, where, in this 
case, the apparatus described in connection with FIG. € 
must be formed to receive the corresponding parts. 

If dirtied parts are to be cleaned before the measuring 
process, for instance, by inunersion in a fluid and/ or by 50 
the action of a centrifuge, then any remaining residue 
can be OHnpensated in the measuring process. 

By loading stored programs into the interface and/ or 
analysis computers, further parameters can be included 
to increase measuring precisioB. Here it will be possible 55 
to make the following corrections based on values mea- 
sured or ascertaiited: 
temperature workpiece/environment; 
the diffracted image produced by the existing optics 

vis-a-vis the theoretical image; 
distinctly identifying and/or locating the diffraction 
maxima and minima aHows a conclusion on the 
type of surface of the parts or objects to be mea- 
sured, and allows for a determination of the size of 
the corrections. 
FmaDy, the above described embodiments of the 
invention are intended to be illustrative only. Numer- 
ous, alternative embodiments may be devised by those 



skilled in the art without departing from the spirit and 
scope of the following claims. 
We claim: 

1. An optical electronic method for measuring or 
testing a workpiece comprising the steps: 

(a) illuminating at least one edge of the workpiece 
with a coherent monochromatic light source to 
generate an actual diffraction pattern; 

(b) directly sensing the actual diffraction pattern in- 
cluding a zero order intensity m a xim u m with at 
least one line of sensors to convert said actual dif- 
fraction pattern into electrical signals to produce a 
first set of data representative of the intensity of 
light of said actual diffraction pattern as a function 
of spatial position; 

(c) maintaining a second set of data representative of 
the intensity of light of a predetermined diffraction 
pattern as a function of spatial position; and 

(d) correlating said first and second sets of data to 
compare said actual and said predetermined dif- 
fraction patterns. 

2. The method of claim 1 wherein said workpiece b 
rotationally symmetric 

3. A method as claimed in claim 1, wherein said first 
set of data includes n»aT"mnin and minimnm values of 
the light intensity of the actual diffraction pattern, and 
intersection points of the actual diffraction pattern with 
the average light intensity. 

4. A method according to claim 1, wherein through 
the generation of diffraction images at the upper and the 
lower edge of said workpiece the measuring distance 
between the edges is ascertained. 

5. A method according to claim 1 in which the work- 
piece is placed in rotation during or between measur- 
ings. 

6. An apparatus for optical-electronically measuring 
or testing an objiect, said apparatus comprising 

a coherent, monochromatic light source for illuminat- 
ing at least one edge of the object, 
at least one line of sensors for direcdy detecting the 
actual diffraction pattern including a zero order 
intensity TpaT ^mnni produced as a result of illumi- 
nating said edge of said object, and for converting 
said actual diffraction pattern to electrical signals 
to produce a first set of data representative of the 
inten^ty of light of said actual diffraction pattern as 
a function of spatial portion, 
means for maintaining a second set of data representa- 
tive of the intensity of light of a predetermined 
diffraction pattern as a function of spatial position; 
aiKl 

means for correlating said first and second sets of data 
to compare said actual and said predetermined 
diffraction patterns. 

7. An apparatus according to claim 6, wherein said 
apparatus includes several lines of sensors that are ar- 
ranged in first and second rows in such a v^y that there 
is mutual overlapping of the measurement ranges of 
sensors in said first row and sensors in said second row, 
each of said sensors in said first and second rows having 
a coherent monochromatic light source associated 
therewith. 

8. An apparatus according to claim 6, wherein the 
light source comprises a laser diode and a lens system 
for the generation of paraUel rays. 

9. An apparatus according to claim 7, wherein the 
light sources and the sensors are arranged on a sled 
displaceable along guide means parallel to the longitudi- 
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nal axis of the workpiecc to be measured so that said 
workpiece can be measured at various locatk>as along 
its longjtudinal axis. 

10. An apparatus, according to claim 7/ wherein the 
apparatus includes a receiving mechanism for said 
workpiece comprising a taOstock including a delivery 
drive»,and a headstock including a rotary drive, said 
drives being dectronically actuated* 

IL An apparatus according to claim 9, wherein a 
reference body is arranged along the displacement path 
of the sled^ 

IZ An ^paratus according to claim 11« wherein the 
reference body ccwnprises scycral cylindrical discs with 
different diameters. 

13. An apparatus according to claim 9, wherein the 
apparatus is provided with a covering hood for protec- 
tion against external influences, and wherein within the 
covering an overpressure is created.. 

14w Aa apparatus for measuring a work[»ece having a 
longitudinal axis, comprising:. 

a source of illumination for providing a beam of co- 
herent, monochromatic light which propagates 
along a path perpendicular , to the longitudinal axb 25 
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of said wcMiqnece, for illuminating at least one edge 
of said .worlq)iece, 

lines of sensor means arranged alcHig said path for 
directly detecting the actual diffraction pattern 
includbag a zero order intensity maximum pro- 
duced by the diffraction of aid light by said edge, 
and for converting said actual diffraction pattern 
into electrical signals to produce a set of data repre- 
sentative of the intensity of light of said actual 
dif&action pattern as a function of spatial position, 

means for moving said path and said workpiece longir 
tudinally relative to one another so that an actual 
diffraction pattern can be detected and a corre- 
sponding set of data produced at various longitudir 
nal locations along said workpiece, 

means for maintaining one or more sets of data repre- 
sentative of the intensity of light as a function of 
, positicm of one or more predetermined diffraction 
patterns; and 

means for avrelating each set of data representative 
of an actual diffraction pattern with a set of data 
representative of a predetermined diffraction pat- 
tern to compare each actual diffraction pattern 
with a predetermined diffraction pattern. 
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USER 201 OXY 



Technology To Perfection 

A completely new generation of measuring and 
testing equipment, laid out especially for production 
lines for LAN, coaxial, RF and telephone cobles as 
well as optical fibers 



diameter measurement 



■ capacitance measurement 

■ eccentricity / diameter measurement 
fli lump / neckdbwn detection 

■ spark testing 



LASER 2010XY / LASER 2025XY * XY-diameter gauge heads 





LASER 2025XY 



LASER 2000XY stands for 
measuring technology of the la- 
test standard, which facilitates 
with the permanently increasing 
demands of the wire and cable 
industry for quality and produc- 
tivity. 

Highest precision, reliabilify and func- 
tionality are the remarkable assets of 
these extremely small gauge heads, for 
a product diameter range from 0,1 to 
25 mm, which con be easily integrated 
in every type of production line. 

Most interesting is the detection of peri- 
odical diameter variations (FFT) and the 
prediction of the structurol return loss 
(SRL) v/hich Is directly integrated in 
the gauge head and accessible with 
every PC or notebook via a RS 232 dia- 
gnostic interface. 

The LASER 2010XY/LASER 2025XY 

offer various interfaces for adapting the 
gauge heads to a process control com- 
puter or to the processor based display 
and control system REMOTE 2000 
resp. the ECOCONTROL 2000. 



f^ical (eaUres . \ f'^ _ ^ ^ . . v. . 

• slate of "tlie art CCd^neosuring technique combined witH*pulse"clnven'|i 
4 Jaser diodes ' ^ - ^ ."T . ' 
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